Despite the widespread use of herbicides containing nitrile groups, such as dichlobenil (2,6-dichlorobenzonitrile), bromoxynil (3,5-dibromo-4-hydroxybenzonitrile), ioxynil (4- hydroxy-3,5-diiodobenzonitrile), and buctril (2,6-dibromo-4-cyanophenyl octanate), comparatively little is known about the microbial metabolism of nitriles and, in particular, the mechanism of cleavage of the C-N bond by microorganisms. Harper (5, 6) showed that a number of microorganisms isolated from soil were capable of utilizing benzonitrile or 4-hydroxybenzonitrile as a sole carbon and nitrogen source. Recently, we isolated a bacterial strain from a soil sample which could utilize acetonitrile as a sole source of carbon and nitrogen. The strain was classified into the genus Arthrobacter and designated Arthrobacter sp. strain J-1 (14) . Subsequently, it was found that this strain could also grow on benzonitrile as a sole carbon and nitrogen source. In the course of an investigation on the microbial degradation of benzonitrile by this organism, we found two very similar enzymes with only a few differences in their properties. We tentatively designated these two enzymes benzonitrilase A and benzonitrilase B. This is the first report of the presence of two similar benzonitrilases in the same organism. Moreover, the growth of this organism on acetonitrile as a sole carbon and nitrogen source involved an enzyme system which produces only amides, without the corresponding carboxylic acids, from all the substrates tested (2) . Thus, this is also the first report from our laboratory of the clarification of two different types of nitrile-degrading enzymes operative in one organism. In this communication the purification and characterization of the two benzonitrilases, A and B, are described. for various times, depending on the experiment. The reaction for both enzymes was not linear with respect to time, especially in the early phase of the reaction, so the activity was always determined from the linear portion of the time course plot, and a quantitative assessment of the lag period was always performed by extrapolating the linear portion of the time axis.
MATERIALS AND METHODS

Chemicals
One unit of enzyme activity was defined as the amount of enzyme which catalyzed the formation of 1 ,umol of ammonia per min. Protein was determined by the method of Lowry et al. (9) with bovine serum albumin as a standard or from the A280 by using an E value of 10.0 for 10 mg/ml and a 1-cm light path.
Preparation of amidase. Amidase was prepared from acetonitrile-grown Arthrobacter sp. strain J-1 cells as described previously (3) .
Other assays. Various nitriles, amides, and acids were determined by gas-liquid chromatography. The reaction was terminated by the addition of 50 RI of 1 N HCl, and then a portion of the reaction mixture was applied to a Shimadzu model GC-4CM gas-liquid chromatograph equipped with a flame ionization detector. A glass column (3 mm [inside diameter] by 1 m) packed with Porapak Q (80/100 mesh) was used, and the injection and detector temperatures were 240 and 210°C, respectively. The carrier gas was N2 at 40 cm3/min. Integration and calibration of peaks were carried out with a Shimadzu Chromatopack C-R1A.
Polyacrylamide gel electrophoresis. Sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis was performed in 10% polyacrylamide slab gels with the Tris-glycine buffer system described by King and Laemmli (8) . The enzyme (40 ,ug) was subjected to electrophoresis in the presence of 0.1% sodium dodecyl sulfate at a current of 30 mA per slab. The gels were stained for protein with Coomassie brilliant blue G-250 and destained in ethanol-acetic acid-H2O (3:1:6). The relative molecular mass of the enzyme subunit was determined by comparison with the relative mobilities of the standard proteins phosphorylase b (Mr, 94,000), bovine serum albumin (Mr, 67,000), ovalbumin (Mr, 43,000), bovine erythrocyte carbon anhydrase (Mr, 30,000), and soybean trypsin inhibitor (Mr, 20,100).
Isoelectric focusing. The isoelectric point of the enzyme was determined as described by Winter and Karlson (13) . The density gradient with a pH range of 3 to 10 contained 2% ampholyte. A sample of the enzyme (about 1.0 mg) which had been exhaustively dialyzed against 0.13 M glycine was applied to the column after about half of the sucrose gradient had been formed. Electrofocusing was carried out at 5oC until there were no further changes in the current (72 h), during which time the voltage was increased from 300 to 600 V. The column was then attached to a fraction collector, and 1.5-ml fractions were collected until the column had been emptied. The A280, the pH, and the benzonitrilase activity of the fractions were measured.
Gel filtration on calibrated Sephadex G-100. Analytical gel chromatography of the enzyme was performed on a column were chromatographed in all the experiments. The molecular weight of the enzyme was estimated by the method of Andrews (1) . Standard proteins (Combithek) for the calibration were products of Boehringer GmbH.
RESULTS AND DISCUSSION Time course of cultivation of Arthrobacter sp. strain J-1 on benzonitrile. The time course of growth of the strain on benzonitrile is shown in Fig. 1 . Exponential growth began after 6 h of cultivation. As benzonitrile was degraded, benzoic acid and ammonia were successively formed and accumulated in the culture broth. Benzamide was not detected throughout the cultivation at concentrations higher than 50 ,uM, the lowest detection limit of gas-liquid chromatography under the conditions we used.
Effect of carbon and nitrogen sources on the formation of benzonitrilase. Arthrobacter sp. strain J-1 was cultivated in basal medium (1 liter together to isoelectric focusing with 2% ampholyte (pH 4.0 to 6.0). Benzonitrilases A and B appeared as separate peaks (Fig. 2) . having isoelectric points of 4.95 and 4.80, respectively, as was found in the previous experiment.
Effect of enzyme concentration. The effect of the enzyme concentration on the time course of the reaction was examined. The reaction was not linear with respect to time, especially in the early phase of the reaction and at low enzyme concentrations. On incubation with a substrate, benzonitrilase A showed time-dependent activation. Neither benzoic acid nor ammonia had any effect on the length of the lag period. This phenomenon was also observed with benzonitrilase B.
Substrate specificity. The substrate specificities of the two enzymes are shown in Table 3 . Both benzonitrilases A and B were significantly active towards benzonitrile, 4-cyanopyridine, p-tolunitrile, and p-chlorobenzonitrile. However, the enzymes were inactive towards p-cyanobenzoic acid, p-nitrobenzonitrile, 2-methylglutaronitrile, n-capronitrile, glutaronitrile, crotononitrile, methacrylonitrile, n-valeronitrile, adiponitrile, lactonitrile, chloroacetonitrile, isobutyronitrile, methoxyacetonitrile, and hydroxyacetonitrile under the same conditions. The nitrile hydratase activity of both enzymes was examined by adding 0.01 U of either benzonitrilase A or B and 0.01 U of amidase prepared from acetonitrile-grown Arthrobacter sp. strain J-1 cells; however, neither enzyme catalyzed the formation of benzamide, benzylamide, acetamide, acrylamide, propionamide, or n-butyramide from benzonitrile, benzylnitrile, acetonitrile, acrylonitrile, propionitrile, or n-butyronitrile, respectively. Neither enzyme exhibited amidase activity with phenylacetamide, n-butyramide, isobutyramide, methacrylamide, crotonamide, ac-cyanoacetamide, malonamide, a-chloroacetamide, lactamide, succinamide, iodoacetamide, formamide, propionamide, n-valeramide, acrylamide, acetamide, or benzamide, even with the addition of excess enzyme (0.02 U).
The Km values for benzonitriles A and B were 6.7 mM and 4.5 mM, respectively.
Stoichiometry. A time course study of benzonitrile hydrolysis was carried out. For each mole of benzonitrile hydrolyzed by benzonitrilases A and B, 1 mol of benzoate and 1 mol of ammonia were formed.
Effect of temperature on the activity and stability of the enzymes. Benzonitrilase A showed maximum activity at 40°C, whereas the optimum temperature for the activity of benzonitrilase B was 30°C. Benzonitrilase A was stable up to about 45°C for 20 min, and then the activity fell rapidly above that temperature; bezonitrilase B was gradually degraded above 30°C.
Effect of pH on the activity of the enzymes. The optimum pHs for the activity of benzonitrilases A and B in the presence of 0.1 M potassium phosphate buffer or 0.1 M HEPES buffer were 8.5 and 7.5, respectively. However, in 0.1 M sodium borate buffer, benzonitrilase A was found to be completely inactive, whereas benzonitrilase B showed about 64% activity at pH 7.5 relative to that in potassium phosphate buffer.
Effects of various reagents and metal ions on the activity of the enzymes. The enzymes were preincubated for 30 min at 30°C with 0.1 mM concentrations of various reagents. The sensitivity to Cu2+ was different for the two enzymes. Benzonitrilase A was inhibited 30% with Cu2+, whereas the inhibition of benzonitrilase B was 83%. Both the enzymes were found to be very sensitive to p-chloromercuribenzoic acid, Hg2+, and Ag+ (91 to 100% inhibition). This indicates that thiol groups play an important role in the activity of the enzymes. Azide, cyanide, EDTA, Co2+, Fe2+, Fe3+, Zn2+, Mn2+, and Pb+ did not affect the activity of either of the enzymes.
Effect of salts on the activity of the enzymes. The enzyme activities were measured in the presence of KCl, NaCl, MgCI2, and CaC12 at final concentrations of 1 mM, 10 mM, and 50 mM. CaC12 inhibited both the enzymes at the final concentration of 50 mM. The other salts had no effect on the activity of the enzymes. High concentrations of salts could not abolish the lag phase of the enzyme reaction.
Harper (5) (6) (7) showed that in Nocardia rhodochrous, benzonitrile was directly hydrolyzed to benzoic acid and ammonia by nitrilase. Arthrobacter sp. strain J-1 decomposes benzonitrile in the same way, as it grows on benzonitrile as a sole source of carbon and nitrogen. However, Arthrobacter sp. strain J-1 produces two very similar benzonitrilases (A and B) with some differences in their properties. Benzonitrilases A and B seem to be isozymes. At this stage it is not clear how these two enzymes participate in the degradation of benzonitrile. VOL. 51, 1986 305 It is interesting to note that when this organism was grown on acetonitrile as a sole carbon and nitrogen source, it produced aliphatic nitrile hydratase (2) and amidase (13) . Nitrile hydratase transforms aliphatic nitriles to the corresponding amides only, without the formation of carboxylic acids and ammonia. Therefore, there are at least two distinct pathways for nitrile hydrolysis in this microorganism. One is a pathway in which both nitrile hydratase and amidase are involved, and the other is one in which only nitrilase is involved. The chemical hydrolysis of acetonitrile, propionitrile, and benzonitrile proceeds exclusively via amides (10) (11) (12) . Whether there is any correlation between the kind of nitrile and the kind of hydrolytic enzyme would be of interest in enzymology. It is possible that nitriles with saturated alkyl groups, such as acetonitrile, are hydrated by nitrile hydratase, followed by hydrolysis of the amides by amidase. On the other hand, benzonitrile and acrylonitrile (unpublished data) are degraded directly to carboxylic acids and ammonia. It is possible that nitriles are directly hydrolyzed to carboxylic acids and ammonia if the cyanogen group is conjugated with a double bond, although further studies are required.
